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• It's smart: "It is smarter than a Nobel 
Prize winner across most relevant fields."

• It's multimodal: It isn't limited to one 
mode of action. It can interface through 
text, audio, video, mouse and keyboard 
control, and the internet.

• It's independent: "It does not just 
passively answer questions," he wrote. 
"Instead, it can be given tasks that take 
hours, days, or weeks to complete, and 
then goes off and does those tasks 
autonomously."

• It's abstract: "It does not have a physical 
embodiment."

• It's replicable: "The resources used to 
train the model can be repurposed to run 
millions of instances of it."

• It's fast. "The model can absorb 
information and generate actions at 
roughly 10x-100x human speed."

• It's cooperative. "Each of these million 
copies can act independently on unrelated 
tasks, or if needed can all work together in 
the same way humans would collaborate."

• Amodei thinks this form of AI might 
arrive as early as 2026. In a nutshell, he 
describes it as "a country of geniuses in a 
datacenter."



Mathematical problems range in complexity and difficulty:

 elementary school problems
 middle school problems
 high school problems
 math olympiad problems; e.g. International Mathematical Olympiad 

(IMO)
 undergraduate-level problems
 graduate-level problems
 simple research problems that mathematicians solve as part of their 

daily routine
 research problems whose solutions become the main results of 

research papers published in leading mathematical journals
 Long-standing problems open for decades (AC, … )
 Millennium Prize Problems

general purpose tool
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1 out of 2.46 x 10     colorings of a complete graph on 17 nodes26



Source: https://leanprover-community.github.io/100.html



• for an AI model• for a human



Conjecture [J.Andrews and M.Curtis ’65]:

Every balanced presentation of the trivial group

can be reduced to the trivial presentation

by a sequence of Andrews-Curtis (Nielsen) moves:

* generalized

*

“handle slides”

“handle cancellation”



Hard AC presentations



The game lasted over 20 hours to end in a draw!
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• Solved 700+ Miller–Schupp presentations

Length of RL path = 1,546 steps

12 basic moves

12         ~ 10         search size1546 1668

S.Ali, A.Medina-Mardones, B.Lewandowski, A.Gruen, P.Kucharski, L.Fagan, Y.Qiu, 
Z.Wang, S.G



• adaptive / dynamic action space (updates)

• add and remove Supermoves



• adaptive / dynamic action space: updates

• add and remove Supermoves



• adaptive / dynamic action space: updates

• add and remove Supermoves



• generalization, OOD performance, robustness

Training



• generalization, OOD performance, robustness

• very different from games (problems) where agent 
can learn to fail quickly

Training



Vladimir I. Arnold

“Mathematics is the part of physics 
where experiments are cheap.”





10 crossings

=
?



Reformer performance on UNKNOT as function 
of braid length. Performance increases with N.



Fraction of unknots whose braid words could be 
reduced to the empty braid word as a function of 
initial braid word length.


